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(57) ABSTRACT 

This invention provides a novel anti-microbial system suit 
able for formulation in a Wide variety of ophthalmic solu 
tions. In particular the composition comprises an antimicro 
bial peptide that is an indolicidin and a buffer compatible 
With application to a mammalian eye, wherein the buffer is 
a Good’s buffer or the buffer has a halide ion concentration 
less than 0.85 Wt %. The compositions are useful for storing, 
cleaning, or disinfecting a contact lens. In particular the 
compositions are self-preserving upon lengthy storage, 
effective in cleaning and sterilizing contact lenses upon 
exposure of the lens to the composition, do not require the 
need for physical or thermal treatment of the lens and enable 
the immediate application of the lens to the eye Without the 
need for neutralization, deactivation or Washing. 

59 Claims, 6 Drawing Sheets 
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SELF-PRESERVING MULTIPURPOSE 
OPHTHALMIC SOLUTIONS 

INCORPORATING A POLYPEPTIDE 
ANTIMICROBIAL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[NOT APPLICABLE] 

STATEMENT AS TO RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 

RESEARCH AND DEVELOPMENT 

[NOT APPLICABLE] 

FIELD OF THE INVENTION 

This invention relates to novel ophthalmic compositions 
useful for conditioning and/or cleaning and/or disinfecting 
contact lenses. In particular, the present invention provides 
ophthalmic compositions that contain one or more indolici 
din antimicrobial polypeptides and typically have a loW 
halide ion concentration. 

BACKGROUND OF THE INVENTION 

During normal use, contact lenses are “soiled” or “con 
taminated” With a Wide variety of compounds that immedi 
ately or ultimately degrade lens performance. For example, 
While being Worn on the eye, a contact lens is liable to be 
contaminated With biological materials such as protein or 
lipid that are found in the tear ?uid and that adheres to the 
surfaces of the contact lens. In handling or cleaning the 
contact lens, sebum (skin oil) or cosmetics or other materials 
adhering to the hands of the user tend to soil the contact lens. 
In addition, particularly as contact lenses accumulate 
organic contaminants they promote the groWth on their 
surface of a Wide range of microbes. 

If the contact lens is Worn on the eye With such contami 
nants on its surface, the contact lens suffers from deterio 
rated Water Wettability or hydrophilicity and loWered oxygen 
permeability, causing considerable discomfort to the lens 
Wearer. In addition, the lens Wearer may suffer from dete 
rioration in his eyesight, pain in the eye, hyperemia or 
congestion of the eye, due to the continuous Wearing of the 
contaminated contact lens. In addition, a contaminated lens 
can become immunogenic stimulating an adverse immune 
response on the eye and associated tissues. In vieW of this, 
it is important to remove the soil debris adhering to the 
contact lens surfaces and to disinfect the lens for safe and 
comfortable Wearing of the contact lens on the user’s eye. 

In vieW of these, and other, factors effecting lens 
performance, a care regimen for contact lenses typically 
involves various functions, such as regularly cleaning the 
lens With a contact lens solution. Rinsing of the contact lens 
is generally required folloWing cleaning to remove loosened 
debris and to remove potential irritants in the cleaning 
solution. Additionally, the regimen may include treatment to 
disinfect the lens, treatment to render the lens surface more 
Wettable prior to insertion in the eye, or treatment to 
condition (e.g., lubricate or cushion) the lens surface so that 
the lens is more comfortable in the eye. As a further 
example, a contact lens Wearer may need to reWet the lens 
during Wear by administering directly in the eye a solution 
commonly referred to as reWetting drops. 

Separate solutions may be provided for the individual 
segments of the care regimen. For convenience purposes, 
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2 
multipurpose contact lens solutions have gained popularity, 
i.e., solutions Which can be used for several segments of the 
care regimen. 

As an example, multipurpose contact lens solutions that 
can be used for cleaning, storage and conditioning of contact 
lenses have been suggested (see, e.g., US. Pat. No. 5,141, 
665 (Sherman) discloses a cleaning, conditioning, storing 
and Wetting system for rigid gas permeable contact lenses. 
The system is described as including: (1) a cleaning, con 
ditioning and storing solution; and (2) a separate Wetting 
solution, Where both solutions include a disinfectant or 
preservative. Lenses treated With the ?rst solution are rinsed 
and then Wet With the separate Wetting solution prior to 
insertion in the eye. 

Multipurpose contact lens solutions that effectively clean 
a contact lens, and can also be used to treat the lens 
immediately prior to insertion of the lens in the eye, are 
much more challenging multipurpose solutions to develop. 
Conventional surface active agents having good cleaning 
activity for contact lens deposits, as Well as various other 
components such as antimicrobial agents included as a 
preservative or disinfectant, tend to be irritating to the eye. 
Accordingly, neW ophthalmic compositions, particularly 
multipurpose formulations, are desirable. 

In recent years, researchers have come to recogniZe that 
many organisms use peptides as part of their host defense 
systems. These organism include a full range of species from 
prokaryotes to humans. The antimicrobial peptides can be 
subdivided into a number of groups based on their amino 
acid content, structure and source. Several revieWs of sev 
eral classes of these peptides have been recently published 
(See, for example, Lehrer & GanZ (1966) Annal. NYAcaa'. 
Sci, 797:228—239; Maloy & Kari (1995) Biopolymers, 
37:105—122). 

Antimicrobial peptides have common structural features, 
including a net cationic charge due to the presence of 
multiple charged residues (Arg, Lys), the presence of mul 
tiple cysteine residues, and in most cases the ability to form 
amphipathic structures. These properties are important for 
the mechanism of action that is currently thought to involve 
a non-receptor-mediated interaction With the anionic phos 
pholipid bilayer of the target cell, folloWed by incorporation 
of the peptide into the membrane, and a resulting disruption 
of the membrane structure. 

The spectrum of activity of host defense peptides is very 
broad, killing many species of bacteria, protoZoa, fungi, and 
virally infected cells and even cancer cells (Maloy & Kari 
(1995) Biopolymers, 37:105—122). Moreover, these peptides 
have a loW toxicity on most healthy mammalian cells and 
tissues. It is thought that the peptides are preferentially 
selective for prokaryotic membranes because of the lipid 
composition of the membrane. In particular, there is a higher 
concentration of anionic phospholipids in the outer lea?et of 
bacteria than in normal eukaryotic membranes, and choles 
terol is present in mammalian membranes but not in bacte 
rial membranes. Whatever the reason for the preference, the 
selectivity of antimicrobial peptide for prokaryotes com 
pared to eukaryotes, these peptides are ideal components in 
products intended for human use. 

While attempts have been made to utiliZe antimicrobial 
polypeptides in ophthalmic solutions, to date such efforts 
have been largely unsuccessful. For example, Sousa et al. 
(1996) CLAO J., 22(2):114—117, shoWed that the use of a 
synthetic cecropin analog in combination With various oph 
thalmic solutions failed to be highly effective in disinfecting, 
particularly When used by itself. Cullor et al. (1990) Arch. 
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OphthalmoL, 108: 861—864 examined the in vitro efficacy of 
rabbit defensins, NP-1 and NP-5, against ocular pathogens 
isolated from cases of severe ulcerative keratitis in humans 
and horses. Unfortunately, these antimicrobial peptide 
containing compositions Were found to have toxicity to 
human eye tissue. Similarly US. Pat. No. 5,549,894 
describes ophthalmic compositions containing 
D-enantiomeric peptides, such as cecropins, magainins and 
defensins. These polypeptides, hoWever are toxic and eye 
care products containing these peptides can not be made in 
commercial quantities, as the peptides must be chemically 
synthesiZed and can not be made using biological expression 
systems. 

SUMMARY OF THE INVENTION 

This invention provides novel ophthalmic solutions based 
on the use of indolicidins as antimicrobial agents. In 
particular, the solutions of this invention are self-preserving 
and require no additional preservatives or disinfectants. The 
solutions are Well suited for ophthalmic use and are effective 
in cleaning, disinfecting, and steriliZing the contact lens 
upon exposure to the composition Without the need for 
physical or thermal treatment of the lens. Moreover, because 
indolicidins are safe for topical application to the eye, the 
solutions enable immediate application of the contact lens to 
the eye Without the need for neutraliZation, deactivation, or 
Washing any of the compositions’ components. In addition, 
the compositions have extremely long shelf life at room 
temperature. 

In particular, it Was a discovery of this invention that 
indolicidins are inactivated by the presence of chloride in 
typical buffer systems (e.g., phosphate buffered saline 
(PBS)), but can act as highly effective antimicrobial com 
pounds When formulated either in solutions containing a loW 
concentration of halide ion, or When formulated in a Good’s 
buffer (e.g., Tris(hydroxymethyl)aminomethane (TRIS). 

Embodiments of the invention include an ophthalmic 
composition for storing, cleaning, or disinfecting a contact 
lens, the composition comprising an indolicidin in an anti 
microbially effective amount and a buffer compatible With 
application to a mammalian eye, Wherein the buffer has a 
halide ion concentration of less than 0.85%. The composi 
tion may additionally comprise boric acid or a borate salt 
present in a microbistatic amount, a poloxamer, a chelating 
agent, or a divalent cation. 

In a preferred embodiment, the composition comprises 
indolicidin, Wherein the indolicidin is present in a concen 
tration ranging from 2 pig/ml to 100 pig/ml; and a buffer 
comprising a sodium phosphate or potassium phosphate in a 
concentration ranging from about 1 mM to about 10 mM; a 
boric acid or borate salt in a concentration ranging from 
about 0.1% to about 5%; a poly(oxyethylene)-poly 
(oxypropylene) block copolymer in a concentration ranging 
from about 0.25 to about 0.5%; a chelator in a concentration 
ranging from about 0.01% and about 0.5%; and a divalent 
cation in a concentration ranging from about 5 mM to about 
50 mM. 

An alternative composition of the invention for storing, 
cleaning, or disinfecting a contact lens comprises an indoli 
cidin and a Good’s buffer. The composition may additionally 
comprise boric acid or a borate salt present in a microbistatic 
amount, a surfactant (preferably a poloxamer), a chelating 
agent, or a divalent cation. 

In additional embodiments, the invention comprises a 
multipurpose solution for the care of a contact lens, the 
solution comprising indolicidin and a buffer Wherein the 
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solution is suitable for tWo or more actions, including 
contact lens disinfection, contact lens storage, contact lens 
cleaning, contact lens conditioning and rehydrating, contact 
lens moistening, and contact lens lubricating. The solution 
comprises indolicidin and a buffer compatible With applica 
tion to a mammalian eye Wherein the halide ion concentra 
tion of the buffer is less than 0.85%. Alternatively, the 
solution may comprise indolicidin and a Good’s buffer. Such 
a multipurpose solution may additionally comprise a demul 
cent and a poloxamer. 
The invention includes a method of disinfecting a contact 

lens, the method comprising contacting the contact lens With 
a composition of the invention. Further, a contact lens 
storage system is included in the invention, Which comprises 
a container containing an opthalmic composition of the 
invention. 

Alternatively, the invention may comprise a method of 
packaging a contact lens, the method comprising sealing a 
contact lens in a container With an ophthalmic composition 
of the invention or a method of disinfecting a contact lens 
storage vessel comprising contacting the storage vessel With 
a composition of the invention. 
De?nitions 
The term Good’s buffer refers to a buffer of the type 

described by Good et al. (1966) Biochem, 5: 467—477. 
Preferred Good’s buffers include tris(hydroxymethyl) 
aminomethane (TRIS), N-(2-acetamido)iminodiacetic acid 
(ADA), piperaZine-1,4-bis(2-ethanesulfonic acid) (PIPES), 
N-(2-acetamido)-2-aminoethanesulfonic acid (ACES), N,N 
bis(2-hydroxyethyl)-2-aminoethanesulfonic acid (BES), 
3-morpholinopropanesulfonic acid (MOPS), N-tris 
(hydroxymethyl) methyl-2-aminoethanesulfonic acid 
(TES), 2,4-(2-hydroxyethyl)-1-piperaZinyl ethanesulfonic 
acid (HEPES), 3,4-(2-hydroxyethyl)-1-piperaZinyl propane 
sulfonic acid (EPPS), N-tris(hydroxymethyl) methylglycine 
(Tricine), N,N-bis (2-hydroxyethyl)glycine (Bicine), 
N-cyclohexyl-2-aminoethanesulfonic acid (CHES), and 
N-cyclohexyl-3-aminopropanesulfonic acid (CAPS), With 
TRIS being most preferred. 
The term “antimicrobial” is used herein to refer to the 

ability of a compound, ie an indolicidin, to decrease the 
population of microscopic ?ora and/or fauna on a surface, 
e.g., on a contact lens surface. Antimicrobial activity 
includes bacteriostatic or antibacterial activity, antifungal 
activity, antialgal activity, and the like. An antimicrobial 
need not eliminate all microbes, but simply decreases the 
viable population on the treated surface. 

Similarly, “antimicrobial activity” refers to the ability of 
a compound to inhibit or irreversibly prevent the groWth of 
a microorganism. Such inhibition or prevention can be 
through a microbicidal action or microbistatic inhibition. 

“Microbicidal inhibition” as used herein refers to the 
ability of the antimicrobial to kill or irrevocably damage the 
target organism. 

“Microbistatic inhibition” as used herein refers to the 
ability of the microbistatic or antimicrobial compound to 
inhibit or to retard the groWth of the target organism Without 
causing death. Microbicidal or microbistatic inhibition can 
be applied to either an environment either presently exhib 
iting microbial groWth (i.e., therapeutic treatment) or an 
environment at risk of supporting such groWth (i.e., preven 
tion or prophylaxis). 

“Broad spectrum antimicrobial activity” refers to the 
ability of a compound to inhibit or prevent the survival or 
groWth of various prokaryotic and eukaryotic microorgan 
isms including, for example, protoZoans such as Giardia 
lamblia, fungi such as Cryptococcus, various genera of 
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bacteria such as Escherichia, Salmonella and 
Staphylococcus, and enveloped viruses. Antimicrobial activ 
ity can occur through a microbicidal or a microbistatic 
inhibition. 

“Microbicidal inhibition” refers to the ability of a com 
pound to reduce or inhibit the survival of a microorganism 
by killing or irreversibly damaging it, Whereas the term 
“microbistatic inhibition” refers to the ability of a compound 
to inhibit the groWth of a target microorganism Without 
killing it. A compound having microbicidal or microbistatic 
inhibition can be applied to an environment that presently 
alloWs for the survival or groWth of a microorganism (i.e., 
therapeutic treatment) or to an environment at risk of 
supporting such survival or groWth (i.e., prevention or 
prophylaxis). 

“Antimicrobial selectivity” refers to the relative amount 
of antimicrobial activity of an analog as compared to its 
cytolytic activity against normal cells in a subject. 

The term “ophthalmic solution” refers to a solution that 
forms a stock solution for the preparation of solutions for the 
packaging, shipping, storage, cleaning, maintenance, use, or 
rehydration of contact lenses or is useful itself for one or 
more of these purposes. 
As used herein, the terms “ophthalmically acceptable 

composition” or “compatible With application to an eye” 
means a composition Which can be placed into a human eye 
Without causing any substantial discomfort, damage, or 
harm. 

The terms “stable” or “stability” When used With respect 
to an indolicidin refer to the retention of antimicrobial 
activity (e.g., as measured by a minimal inhibitory concen 
tration (MIC) assay, see, e.g., Example 10). When the 
indolicidin or indolicidin-based formulation is unstable, it 
looses activity With time. The indolicidin or indolicidin 
based composition is deemed unstable over a selected period 
time under particular storage conditions (e.g., at room tem 
perature in a particular type of receptacle), When the indoli 
cidin or indolicidin-based composition shoWs a signi?cant 
diminution in microbicidal activity against one or more 
selected test organisms (e.g., Pseudomonas, sp.). A signi? 
cant diminution is typically at least a tWo percent 
diminution, preferably at least a 5 percent diminution, more 
preferably at least a 10% diminution and most preferably at 
least a 20% diminution in activity. Conversely, the indoli 
cidin or indolicidin-based composition is said to be stable 
over the particular time period/storage conditions, When 
there is less than a 20%, preferably less than a 10%, more 
preferably less than a 5%, and most preferably less than a 
2% or 1% decrease in activity as determined by a MIC assay. 

The term “Weight percent” or “Wt %” as used herein refers 
to the number of grams of material per 100 ml of solution. 

The term “lens disinfection” refers to a reduction or 
elimination of microbial organisms present on a contact lens. 

The term “lens storage”, refers either to the short term 
storage e.g., on the order of hours, days or Weeks, by a user, 
e.g, When not Wearing the lens, or long term storage, e.g., on 
the order of days, Weeks, months, or years, as in the storage 
prior to sale or ?rst use of the lens. 

“Lens cleaning” refers to a reduction and/or elimination 
of contaminants on the surface of a contact lens. Such 
contaminants include, but are not limited to lipids, fats, oils, 
proteins, or microbial organisms. 

“Lens conditioning and/or rehydrating” refers to the addi 
tion of Water to a lens, e.g., a soft contact lens thereby 
increasing the Water content of the lens. 

“Lens lubricating” refers to the addition of Water, 
surfactants, or demulcents to decrease the coef?cient of 
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friction betWeen a lens and the surface of an eye. Such 
lubricating can be by treatment of the lens prior to or after 
insertion into the eye. 
The term “mammalian eye” is used to refer the to eye of 

any animal in the order mammalia. Such animals include, 
but are not limited to horses, cats, dogs, rabbits, mice, goats, 
sheep, non-human primates and humans. Thus, the solutions 
are contemplated for use in veterinary applications as Well as 
human use. In preferred embodiments, the mammalian eye 
is a “healthy” eye. HoWever, under certain circumstances, 
the eye may be unhealthy, e.g., infected, in?amed, or oth 
erWise irritated. 
The terms “polypeptide”, “peptide”, or “protein” are used 

interchangeably herein to designate a linear series of amino 
acid residues connected one to the other by peptide bonds 
betWeen the alpha-amino and carboxy groups of adjacent 
residues. 
“Amino acid” is used in its broadest sense to include 

naturally occurring amino acids as Well as non-naturally 
occurring amino acids including amino acid analogs. In 
vieW of this broad de?nition, one skilled in the art Would 
knoW that reference herein to an amino acid includes, for 
example, naturally occurring proteogenic (L)-amino acids, 
(D)-amino acids, chemically modi?ed amino acids such as 
amino acid analogs, naturally occurring non-proteogenic 
amino acids such as norleucine, and chemically synthesiZed 
compounds having properties knoWn in the art to be char 
acteristic of an amino acid. As used herein, the term “pro 
teogenic” indicates that the amino acid can be incorporated 
into a protein in a cell through a metabolic pathWay. 

Indolicidin (SEQ ID NO: 1) is a thirteen amino acid 
polypeptide that has a high tryptophan content, exhibits 
broad spectrum antimicrobial activity and has antimicrobial 
selectivity. As used herein, indolicidins should be under 
stood to include both native indolicidin and analogs thereof. 
Indolicidins and their use in antimicrobial formulations are 
described in US. Pat. No. 5,547,939. Indolicidins useful in 
accordance With the present invention have similar tryp 
tophan content, antimicrobial activity and antimicrobial 
selectivity to native indolicidin (see Table 2). In general, 
indolicidins useful in accordance With the present invention 
have the general structure HZN-I-L-P-W-K-W-P-W-W-P 
W-X (SEQ ID NOS:14 and 15), Where X designates one or 
tWo independently selected amino acids. Indolicidins typi 
cally contain tWelve or thirteen amino acids (although the 
indolicidins of this invention can range in length up to about 
45 amino acids) and are tryptophan-rich. Indolicidin, for 
example, has a tryptophan content of about 38 percent (5/13 
residues). Indolicidins are further characteriZed by having 
substantially the same sequence as naturally occurring 
indolicidin. As used herein, the term “substantially the same 
sequence” means that the peptide sequence of an indolicidin 
analog has at least 60%, preferably 70%, more preferably 
80%, and most preferably 90%, 95%, or 98% sequence 
identity With the sequence of indolicidin (SEQ ID NO: 1). 
Thus, a limited number of modi?cations can be made to the 
indolicidin peptide sequence to obtain indolicidins that have 
a desirable antimicrobial selectivity such as increased anti 
microbial activity or decreased hemolytic activity as com 
pared to naturally occurring indolicidin. For example, an 
indolicidin analog can have the same peptide sequence as 
indolicidin but can be modi?ed, for example, by containing 
a C-terminal reactive group other than an amide, Which is 
found in naturally occurring indolicidin (see, for example, 
(SEQ ID NO: 5). 

“Tryptophan-rich peptide” means a peptide having at least 
about 25% of its residues consisting of tryptophan. 
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The terms “identical” or percent “identity,” in the context 
of tWo or more nucleic acids or polypeptide sequences, refer 
to tWo or more sequences or subsequences that are the same 
or have a speci?ed percentage of amino acid residues or 
nucleotides that are the same, When compared and aligned 
for maximum correspondence, as measured using one of the 
folloWing sequence comparison algorithms or by visual 
inspection. 

The phrase “substantially identical,” in the context of tWo 
nucleic acids or polypeptides, refers to tWo or more 
sequences or subsequences that have at least 60%, prefer 
ably 80%, most preferably 90—95% nucleotide or amino acid 
residue identity, When compared and aligned for maximum 
correspondence, as measured using one of the folloWing 
sequence comparison algorithms or by visual inspection. 
Preferably, the substantial identity exists over a region of the 
sequences that is at least about 50 residues in length, more 
preferably over a region of at least about 100 residues, and 
most preferably the sequences are substantially identical 
over at least about 150 residues. In a most preferred 
embodiment, the sequences are substantially identical over 
the entire length of the coding regions. 

For sequence comparison, typically one sequence acts as 
a reference sequence, to Which test sequences are compared. 
When using a sequence comparison algorithm, test and 
reference sequences are input into a computer, subsequence 
coordinates are designated, if necessary, and sequence algo 
rithm program parameters are designated. The sequence 
comparison algorithm then calculates the percent sequence 
identity for the test sequence(s) relative to the reference 
sequence, based on the designated program parameters. 

Optimal alignment of sequences for comparison can be 
conducted, e.g., by the local homology algorithm of Smith 
& Waterman, Adv. Appl. Math. 2:482 (1981), by the homol 
ogy alignment algorithm of Needleman & Wunsch, J. Mol. 
Biol. 481443 (1970), by the search for similarity method of 
Pearson & Lipman (1988) Proc. Natl. Acad. Sci. USA 
85:2444, by computeriZed implementations of these algo 
rithms (GAP, BESTFIT, FASTA, and TFASTA in the Wis 
consin Genetics SoftWare Package, Genetics Computer 
Group, 575 Science Dr., Madison, Wis.), or by visual 
inspection (see generally Ausubel et al., supra). 

One example of a useful algorithm is PILEUP. PILEUP 
creates a multiple sequence alignment from a group of 
related sequences using progressive, pairWise alignments to 
shoW relationship and percent sequence identity. It also plots 
a tree or dendogram shoWing the clustering relationships 
used to create the alignment. PILEUP uses a simpli?cation 
of the progressive alignment method of Feng & Doolittle 
(1987) J. Mol. Evol. 35:351—360. The method used is similar 
to the method described by Higgins & Sharp (1989) 
CABIOS 5: 151—153. The program can align up to 300 
sequences, each of a maximum length of 5,000 nucleotides 
or amino acids. The multiple alignment procedure begins 
With the pairWise alignment of the tWo most similar 
sequences, producing a cluster of tWo aligned sequences. 
This cluster is then aligned to the next most related sequence 
or cluster of aligned sequences. TWo clusters of sequences 
are aligned by a simple extension of the pairWise alignment 
of tWo individual sequences. The ?nal alignment is achieved 
by a series of progressive, pairWise alignments. The program 
is run by designating speci?c sequences and their amino acid 
or nucleotide coordinates for regions of sequence compari 
son and by designating the program parameters. For 
example, a reference sequence can be compared to other test 
sequences to determine the percent sequence identity rela 
tionship using the folloWing parameters: default gap Weight 
(3.00), default gap length Weight (0.10), and Weighted end 
gaps. 
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Another example of algorithm that is suitable for deter 

mining percent sequence identity and sequence similarity is 
the BLAST algorithm, Which is described in Altschul et al. 
(1990) J. Mol. Biol. 215: 403—410. SoftWare for performing 
BLAST analyses is publicly available through the National 
Center for Biotechnology Information (http:// 
WWW.ncbi.nlm.nih.gov/). This algorithm involves ?rst iden 
tifying high scoring sequence pairs (HSPs) by identifying 
short Words of length W in the query sequence, Which either 
match or satisfy some positive-valued threshold score T 
When aligned With a Word of the same length in a database 
sequence. T is referred to as the neighborhood Word score 
threshold (Altschul et al, supra). These initial neighborhood 
Word hits act as seeds for initiating searches to ?nd longer 
HSPs containing them. The Word hits are then extended in 
both directions along each sequence for as far as the cumu 
lative alignment score can be increased. Cumulative scores 
are calculated using, for nucleotide sequences, the param 
eters M (reWard score for a pair of matching residues; 
alWays >0) and N (penalty score for mismatching residues; 
alWays <0). For amino acid sequences, a scoring matrix is 
used to calculate the cumulative score. Extension of the 
Word hits in each direction are halted When: the cumulative 
alignment score falls off by the quantity X from its maxi 
mum achieved value; the cumulative score goes to Zero or 
beloW, due to the accumulation of one or more negative 
scoring residue alignments; or the end of either sequence is 
reached. The BLAST algorithm parameters W, T, and X 
determine the sensitivity and speed of the alignment. The 
BLASTN program (for nucleotide sequences) uses as 
defaults a Wordlength of 11, an expectation of 10, 
M=5, N=—4, and a comparison of both strands. For amino 
acid sequences, the BLASTP program uses as defaults a 
Wordlength of 3, an expectation of 10, and the 
BLOSUM62 scoring matrix (see Henikoff & Henikoff 
(1989) Proc. Natl. Acad. Sci. USA 89:10915). 

In addition to calculating percent sequence identity, the 
BLAST algorithm also performs a statistical analysis of the 
similarity betWeen tWo sequences (see, e.g., Karlin & Alts 
chul (1993) Proc. Natl. Acad. Sci. USA, 90: 5873—5787). 
One measure of similarity provided by the BLAST algo 
rithm is the smallest sum probability (P(N)), Which provides 
an indication of the probability by Which a match betWeen 
tWo nucleotide or amino acid sequences Would occur by 
chance. For example, a nucleic acid is considered similar to 
a reference sequence if the smallest sum probability in a 
comparison of the test nucleic acid to the reference nucleic 
acid is less than about 0.1, more preferably less than about 
0.01, and most preferably less than about 0.001. 
A further indication that tWo nucleic acid sequences or 

polypeptides are substantially identical is that the polypep 
tide encoded by the ?rst nucleic acid is immunologically 
cross reactive With the polypeptide encoded by the second 
nucleic acid, as described beloW. Thus, a polypeptide is 
typically substantially identical to a second polypeptide, for 
example, Where the tWo peptides differ only by conservative 
substitutions. 

The term “conservative substitution” is used in reference 
to proteins or peptides to re?ect amino acid substitutions that 
do not substantially alter the activity (e.g., antimicrobial 
activity) of the molecule. Typically conservative amino acid 
substitutions involve substitution one amino acid for another 
amino acid With similar chemical properties (e.g., charge or 
hydrophobicity). The folloWing six groups each contain 
amino acids that are typical conservative substitutions for 
one another: 
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1) Alanine (A), Serine (S), Threonine (T); 

2) Aspartic acid (D), Glutamic acid 3) Asparagine (N), Glutamine (Q); 

4) Arginine (R), Lysine 5) Isoleucine (I), Leucine (L), Methionine (M), Valine 
(V); and 

6) Phenylalanine (F), Tyrosine (Y), Tryptophan 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates the short term stability of unfrozen 
L-indolicidin in 10 mM sodium phosphate buffer as mea 
sured against S. aureus. The solution Was stable exhibiting 
a time-dependent kill With a 4-log kill after a 4 hour 
exposure. 

FIG. 2 illustrates the short term stability of unfroZen 
L-indolicidin in 10 mM sodium phosphate buffer With 
sodium chloride (note that although stable, absolute activity 
Was loW) as measured against S. aureus. The solution Was 
stable exhibiting a dose dependent kill With only about a 1 
log kill after a 4 hour exposure. 

FIG. 3 illustrates the short term stability of froZen 
L-indolicidin in 10 mM sodium phosphate buffer as mea 
sured against S. aureus. The solution Was stable exhibiting 
a time-dependent kill With a 6 log kill after a 60 minute 
exposure. 

FIG. 4 illustrates the short term stability of froZen 
L-indolicidin in 10 mM sodium phosphate buffer as mea 
sured against S. aureus With sodium chloride. FroZen 
L-indolicidin Was stable exhibiting a dose dependent kill 
With about 1.5 log kill after a 4 hour exposure. 

FIG. 5 illustrates the long term stability of unfroZen 
L-indolicidin in 10 mM sodium phosphate buffer as mea 
sured against S. aureus. The solution Was stable over a 
period of 8 months exhibiting about a 4 log kill and thereby 
maintaining 100% stability. 

FIG. 6 illustrates the long term stability of unfroZen 
L-indolicidin in 10 mM sodium phosphate buffer With 
sodium chloride as measured against S. aureus. The solution 
Was stable over a period of 8 months exhibiting about a 1 log 
kill, maintaining 100% stability. 

DETAILED DESCRIPTION 
I. Indolicidin-based Ophthalmic Solutions 

This invention provides novel compositions for the 
packaging, routine care, and use of contact lenses. Contact 
lens maintenance and use requires a number of activities 
including, but not limited to, cleaning and rinsing of the lens, 
disinfection of the lens, reWetting (e.g., rehydrating and/or 
rendering the lens more Wettable prior to insertion in the 
eye), conditioning the lens (e.g., treatment to lubricate 
and/or cushion the lens surface), and the like. While separate 
“ophthalmic” solutions can be used for one or more of these 
activities, for convenience purposes, multipurpose contact 
lens solutions (i.e., solutions Which can be used for several 
segments of the care regimen) have gained popularity. 

Regardless of Whether a single purpose or multi-purpose 
solution is used, to minimiZe the risk of infection (e.g., of the 
cornea or inner eye lid), it is preferable to maintain the care 
solutions and the contact lens in as sterile a condition as 
possible. To this end, various antimicrobial agents have been 
incorporated into various solution systems. Such agents, 
include, but are not limited to, peroxide, thimerosol, 
polyquaternium-1, and the like. Use of these antimicrobial 
agents, is ultimately limited, particularly in multipurpose 
solutions because, particularly over a prolonged period, they 
tend to irritate and in?ame the eye and adjacent tissues. 
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10 
It Was a discovery of this invention that antimicrobial 

polypeptides can be used to advantage as disinfectants 
(antimicrobials) in a Wide variety of single-purpose and 
multipurpose ophthalmic solutions. It Was, hoWever, a sur 
prising discovery of this invention that the antimicrobial 
activity of indolicidins is reduced and in many cases 
eliminated, by physiologically relevant concentrations (e.g., 
about 90 mM to about 150 mM), or higher concentrations, 
of halide ions (e.g., Cl“, I“, F1“, and the like). Thus, in a 
preferred embodiment, this invention provides indolicidin 
containing ophthalmic solutions having broad spectrum 
antimicrobial activity, comprising an indolicidin in a buffer 
compatible With application to a mammalian eye, Where the 
buffer has a halide ion concentration less than 0.85 Weight 
percent (Wt %), preferably less than about 0.80 Wt %, more 
preferably less than about 0.75 Wt %, and most preferably 
less than about 0.5 Wt %. In some embodiments the halide 
ion concentration is substantially or essentially Zero. 

It Was also a surprising discovery of this invention that 
indolicidin activity Was substantially less affected by halide 
ions When it is present in a Good’s buffer (e.g., HEPES, 
TRIS, PIPES, etc.). HoWever, solutions formulating these 
buffers are generally not broad-spectrum and tend to have 
antimicrobial activity against particular bacteria (or other 
agents) depending on the particular formulation. Thus, in 
another preferred embodiment, the ophthalmic solutions are 
“narroW-spectrum” solutions that comprise an indolicidin in 
a Good’s buffer and these systems can optionally contain 
one or more species of halide ion. 

When formulated in accordance With this invention, the 
indolicidin-containing solutions are poWerful antimicrobial 
compositions comparable in efficacy to peroxide treatments 
of contact lenses. Unlike peroxides, hoWever, the indolicidin 
treated lenses can be immediately inserted in the eye Without 
rinsing or other neutraliZation of the solution. Moreover, the 
indolicidins do not appear to be either allergenic or immu 
nogenic When used in this context. 

Mechanical parameters of diameter consistency, base 
curve consistency, tensile strength, edge integrity, comfort, 
and handling characteristics can also be adequately main 
tained in a formulation of the indolocidin solution in accor 
dance With the invention, along With the optical properties. 
In order to test these parameters, ANSI Z8020 may be used 
as a standard for establishing ?nished lens parameters. 

Having discovered that indolicidin activity retained in loW 
halide ion or halide ion free (e.g., Cl-free) system, or in 
Good’s buffer systems, indolicidins can be used in a Wide 
variety of formulations and purposes as described beloW. 
II. Indolicidin Formulations 

Depending on intended use, the indolicidin containing 
ophthalmic solutions of this invention can be compounded 
With one or more agents to facilitate their use in a Wide 

variety of contexts. Such agents include, but are not limited 
to surfactants/detergents, chelator cations (especially of 
divalent cations), osmotic stabiliZers, bacteriostatic adju 
vants (in addition to the indolicidins themselves), 
demulcents, viscosity-adjusting agents, and lubricants. In 
most preferred embodiments, the added reagents are 
selected for compatibility With administration to a mamma 
lian eye and are thus selected to minimiZe discomfort or 
adverse physiological effects if accidentally or deliberately 
administered to the surface of a mammalian eye. 

Preferred components that may comprise the ophthalmic 
solutions of this invention are illustrated in Table 1. 
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Preferred constituents of indolicidin based ophthalmic solutions. 

Component Function Preferred Agents Typical Range 

indolicidin microbicide indolicidin and length ranging 
analogues from about 9 to 

about 13 amino 

acids, 
concentration 
ranging from about 
3.125 ,ug/ml to 
about 100 ,ug/ml, 

buffer Maintain pH and Sodium phosphate 
tonicity to stabilize Good’s Buffers 
indolicidin in active (TRIS 
conformation. HEPES 
Prolong shelf life. PIPES) 

surfactant/detergent" facilitate cleaning cationic 0.01-3 Wt % 
anionic 
zWitterionic 
non-ionic 
(poloxamer, 
pluronic) 

cation chelator" Increase activity of EDTA 0.01—O.2 Wt % 
indolicidin. Improve EGTA 
shelf life. EDBA 

osmotic stabilizer" Maintain or adjust NaCl 0.1 to 1 Wt % 
(tonicity adjusting desired osmolarity KCl 
agent) (tonicity). mannitol 

sorbitol 
dextrose 
dextrin 
halide salt of 
monovalent cation 

divalent cation“ Improved Mg2+ 
antimicrobial Ca2+ 
activity against gram Ba2+ 
negative bacteria 

bacteriostatic Reduce bacterial boric acid 0.01—2.5 Wt % 
adjuvant" (microbial) thimerosol 

contamination. 
Improve shelf life. 

demulcent" Decrease eye cellulose 
irritation derivatives, 

polyols, 
viscosity adjusting Thickener to sloW glycerin 
agent" evaporation, 

increase cushion, 
lubrication 

*Optionally present 
*Omitted When chelator is present. 

The various components listed as optional above, can be 
mixed and matched in different preferred formulations to 
optimize one or more activities of the indolicidin-based 

ophthalmic solution. Thus, for example, Where the solution 
is intended to act solely as a bacteriocide, it might comprise 
only a buffer and one or more indolicidins, and optionally a 
bacteriostatic adjuvant and/or a divalent cation. In such an 
instance higher indolicidin concentrations may be utilized. 
Where the solution is to be used as a contact lens cleaning 
solution, the indolicidin/buffer formulation preferably also 
contains a surfactant, more preferably a poloxamer. Where 
the solution is used as an “eye-drop” or “conditioning 
solution for direct application to the eye, the indolicidin/ 
buffer formulation preferably includes a lubricant and/or 
viscosity adjusting agent and/or a demulcent. In addition, the 
solution can be formulated With substantially all of these 
agents (although it Will be recognized that there is little to be 
gained by adding a chelator of divalent cations and the 
divalent cations themselves) as a multi-purpose solution for 
all of these, and other, uses. 
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A) Preferred Components of Indolicidin-based Ophthalmic 
Solutions 

1) Indolicidins for use in ophthalmic solutions. 
As indicated above, it Was a surprising discovery of this 

invention that indolicidins can be used in the formulation of 
ophthalmic solutions for the care and use of contact lenses. 
Indolicidin (SEQ ID NO: 1) is a thirteen amino acid peptide 
that has a high tryptophan content, exhibits broad spectrum 
antimicrobial activity and has antimicrobial selectivity. 
Indolicidins (e. g., indolicidin and its analogues) are ideal for 
use in ophthalmic solutions because they have noW been 
discovered to be safe to the eye, to not cross the intact cornea 
of animals, and to not lead to undue irritation upon repeated 
exposure. Furthermore, the indolicidins can act as a solution 
preservative because they are self-sterilizing. The broad 
spectrum antimicrobial activity of indolicidins along With 
their loW immunogenicity and extremely long shelf life 
When stored in buffered formulations, even at room 
temperature, makes indolicidins an ideal antimicrobial agent 
for use in ophthalmic solutions. 
As used herein, indolicidins should be understood to 

include both native indolicidin and analogs thereof. Indoli 
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cidins and their use in antimicrobial formulations are 
described in US. Pat. No. 5,547,939. Indolicidins useful in 
accordance With the present invention have similar tryp 
tophan content, antimicrobial activity and antimicrobial 
selectivity to native indolicidin (see, e. g., Table 2, Which sets 
forth preferred indolicidins). 

TABLE 2 

Sequence and molecular mass of indolicidin and indolicidin analogs_ 

Seq 
ID Mol. 

Name Amino Acid Sequence No: Wt.* 

*theoretical molecular Weights Were identical to those determined by mass 
spectrometry. 
**indolicidin (naturally occurring). 

In general, indolicidins useful in accordance With the 
present invention have the general structure HZN-I-L-P-W 
K-W-P-W-W-P-W-X (SEQ ID NOS114 and 15), Where X 
designates one or tWo independently selected amino acids. 

Indolicidins typically contain tWelve or thirteen amino 
acids and are tryptophan-rich. Indolicidin, for example, has 
a tryptophan content of about 38 percent (5/13 residues). In 
nature, each amino acid occurs in proteins in a characteristic 
expected proportion. Tryptophan is the least frequently used 
amino acid in naturally occurring proteins, With an average 
occurrence of about 1 percent (Clapper (1977) Biochem. 
Biophys. Res. Comm. 78: 1018—1024). Thus, a tryptophan 
rich sequence as de?ned herein can be readily identi?ed by 
containing a proportion of tryptophan residues greater than 
about 10%, preferably greater than about 20%. 

Indolicidins are further characteriZed by having substan 
tially the same sequence as naturally occurring indolicidin. 
As used herein, the term “substantially the same sequence” 
means that the peptide sequence of an indolicidin analog is 
at least 60%, preferably 70%, more preferably 80%, 
homologous With the sequence of indolicidin (SEQ ID NO: 
1). Thus, a limited number of modi?cations can be made to 
the indolicidin peptide sequence to obtain indolicidins that 
have a desirable antimicrobial selectivity such as increased 
antimicrobial activity or decreased hemolytic activity as 
compared to naturally occurring indolicidin. For example, 
an indolicidin analog can have the same peptide sequence as 
indolicidin but can be modi?ed, for example, by containing 
a C-terminal reactive group other than an amide, Which is 
found in naturally occurring indolicidin (see, for example, 
SEQ ID NO: 5). 

Modi?cations to the indolicidin peptide sequence also can 
include, for example, additions, deletions or substitutions of 
amino acids, provided the indolicidin analog produced by 
such modi?cations is tryptophan-rich and has substantially 
the same structure of naturally occurring indolicidin as 
de?ned herein. Analogs that are amidated and/or possess a 
dibasic dipeptide at the C-terminus are preferred. 

The indocidin peptides of the present invention can be 
present in the formulation With free termini or With amino 
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protected (N-protected) and/or carboxy-protected 
(C-protected) termini. Suitable N-terminal amino protecting 
groups include: (a) aromatic urethane-type protecting 
groups Which include benZyloxycarbonyl, 
2-chlorobenZyloxycarbonyl, 9-?uorenylmethyloxycarbonyl, 
isonicotinyloxycarbonyl and 4-methoxybenZyloxycarbonyl; 
(b) aliphatic urethane-type protecting groups Which include 
t-butoxycarbonyl, t-amyloxycarbonyl, 
isopropyloxycarbonyl, 2-(4-biphenyl)-2 
propyloxycarbonyl, allyloxycarbonyl and methylsulfo 
nylethoxycarbonyl; (c) cycloalkyl urethane-type protecting 
groups Which include adamantyloxycarbonyl, 
cyclopentyloxycarbonyl, cyclohexyloxycarbonyl and 
isobornyloxycarbonyl; (d) acyl protecting groups or sulfonyl 
protecting groups. Preferred protecting groups include 
benZyloxycarbonyl, t-butoxycarbonyl, acetyl, 
2-propylpentanoyl, 4-methylpentanoyl, t-butylacetyl, 
3-cyclohexylpropionyl, n-butanesulfonyl, benZylsulfonyl, 
4-methylbenZenesulfonyl, 2-naphthalenesulfonyl, 
3-naphthalenesulfonyl and 1-camphorsulfonyl. Protecting 
groups for the N-terminal amino group of amino acids and 
peptides such as those disclosed above are Well knoWn in the 
art. See BodansZky, N., Peptide Chemistry, pp. 74—103, 
Springer-Verlag, NeW York (1988) and references cited 
therein. 

Suitable the C-terminus is protected With a carboxy 
terminal residue Which is preferably homoserine (Hse), 
homoserine lactone, homoserine amide, or a C1—C8 alkyl 
(preferably C1—C4 alkyl), secondary or tertiary amides of 
homoserine. When Hse containing analogs are desired, the 
indolicidin peptides are ?rst synthesiZed With a Met incor 
porated on the C-terminus. This Met residue is then modi?ed 
With cyanogen bromide after HF cleavage by methods Well 
knoWn in the art. This cyanogen bromide cleavage converts 
the Met to the C-terminal Hse lactone peptide. This can be 
converted to the Hse amide peptide by treatment With the 
appropriate amine in a solvent such as methanol or dimeth 
ylformamide. 

Particularly preferred indolicidins range in length from 8 
to 45 amino acids, preferably from 9 to 22 amino acids and 
most preferably from 10 to 13 amino acids. The indolicidin 
concentration ranges from about 3.125 pig/ml to about 100 
pig/ml, more preferably about 4 pig/ml to about 50 pig/ml, still 
more preferably about 5 pig/ml to about 32 pig/ml, and most 
preferably about 8 to about 16 pig/ml. 

The indolicidins can be used individually or combinations 
of different indolicidins can be used together in the solutions 
of this invention. 

2) Buffers 
The ophthalmic solutions of this invention are preferably 

formulated in a buffer system (buffer solution) to regulate 
pH, and tonicity in a range compatible With ophthalmic use 
and With optimum activity of the indolicidin(s) present in the 
solution. The buffer is also preferably selected for compat 
ibility With application to a mammalian eye. Thus, it is 
typically neither too acidic nor too basic and is formulated 
With physiologically compatible salts. Typically suf?cient 
quantities of buffering agent are employed to maintain 
activity of the peptide and of any enZymes employed, 
typically in a formulation to effect a neutral or slightly 
alkaline pH. 

It Was a surprising discovery of this invention that the 
most Widely used buffer systems for ophthalmic solutions, 
e.g., saline buffer systems such as phosphate buffered saline 
(PBS), signi?cantly degrades the activity of the indolicidin 
and are thus not Well suited for use in indolicidin-based 
ophthalmic solutions. 
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More broadly it Was a discovery of this invention that, in 
general, solutions containing physiologically relevant con 
centrations of halide ions (e.g., Cl“, Br“, Fl“), degrade 
indolicidin activity. It Was also, hoWever, a discovery of this 
invention that Good’s buffers (e.g., TRIS, PIPES, HEPES, 
etc.) Will maintain indolicidin activity even in the presence 
of physiological concentrations of halide ion. 

Thus, in a preferred embodiment, the buffers used in this 
invention include either buffers having a substantially 
reduced (e.g., less than 0.85 Wt % more preferably less than 
about 0.75 Wt %, and most preferably less than about 0.5 Wt 
% halide ion concentration). Particularly preferred buffers 
have substantially no halide ion. Such buffers include, but 
are not limited to phosphate buffers (eg sodium or potas 
sium phosphate), carbonate buffers, borate buffers, acetate 
buffers, citrate buffers, bicarbonate buffers and the like. 
Particularly preferred buffering agents are phosphate buffers 
(e.g., sodium phosphate buffers) and alkali metal borates 
such as sodium or potassium borates. Additionally, other pH 
adjusting agents may be employed such as inorganic acids. 

It is knoWn that boric acid or other borate buffers possess 
the additional feature of microbistatic inhibition in the 
presence of loW concentrations of microbes. therefore, 
borate buffers are commonly used in the packaging solution 
of contact lenses. For example, 0.5% by Weight of boric acid 
and 0.052% by Weight of sodium borate is knoWn as an 
effective amount for microbistatic inhibition. 

In another preferred embodiment, the buffer is a Good’s 
buffer. Preferred Good’s buffers for use in this invention 
include, but are not limited to: ADA, PIPES, ACES, BES, 
MOPS, TES, HEPES, EPPS, Tricine, Bicine, CHES, and 
CAPS (see, e.g., Good et al. (1966) Biochem, 5: 467—477), 
With TRIS being most preferred. Where a Good’s buffer is 
used, a halide ion can be present in a concentration less than 
0.85 Wt %. 

Ideally, the pH of the buffer and hence the pH of the 
ophthalmic solution is neutral to slightly alkaline. The 
determination of a preferred pH range for any given indoli 
cidin can readily be carried out by knoWn techniques. It is 
preferred to manipulate the Working solution to an optimum 
pH range for a given indolicidin, but such is not an absolute 
requirement. Generally, it is preferred that the ophthalmic 
solution have a pH betWeen about 5 to 9, more preferably 
betWeen about 7 and 8.5 and most preferably betWeen about 
7.2 to about 7.5. 

The buffer concentration broadly establishes the tonicity 
of the solution. The buffer is generally present in a concen 
tration no greater than about 100 mM, and preferably ranges 
in concentration from about 0.1 to about 5 mM, more 
preferably from about 0.5 to about 15 mM, and most 
preferably from about 1—10 mM. 

The choice of the particular buffer system depends on the 
particular application(s) intended for the ophthalmic solu 
tion. Methods of preparing such buffers are Well knoWn to 
those of ordinary skill in the art and can be found, for 
example in any of a number of standard laboratory manuals 
(see, e.g., Sambrook et al. (1989) Molecular Cloning: A 
Laboratory Manual, Cold Spring Harbor Press). In addition, 
such buffers are commercially available from a Wide variety 
of manufacturers (see, e.g., Sigma, St. Louis, M0). The 
buffer solutions are preferably formulated as sterile solu 
tions. HoWever, the microbicidal activity of the 
indolicidin(s) renders the solutions essentially self 
steriliZing. Thus, in some embodiments, the solutions can be 
formulated Without steriliZation. 

3) Tonicity adjusting agent. 
While the buffer itself is a “tonicity adjusting agent” and 

a “pH adjusting agent” that broadly maintains the oph 
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16 
thalmic solution at a particular ion concentration and pH, 
additional “tonicity adjusting agents” can be added to adjust 
or “?ne tune” the ?nal tonicity of the solution. Such tonicity 
adjusting agents are Well knoWn to those of skill in the art 
and include, but are not limited to mannitol, sorbitol, 
dextrose, sucrose, urea, and glycerin. Also, various salts, 
including halide salts of a monovalent cation (e.g., NaCl, 
KCl, etc.) can be utiliZed, hoWever, to preserve indolicidin 
activity the use of such halide salts is preferably con?ned to 
incorporation in Good’s buffers (e.g., TRIS). 
The tonicity adjusting agent, When present, is preferably 

in a concentration ranging from 0.1 to 1 Wt %, more 
preferably 0.5 to 1.0 Wt %, and most preferably 0.8 to about 
0.9 Wt %. In embodiments Where a tonicity adjusting agent 
is present the solution can contain a single agent or a 
combination of different tonicity adjusting agents. 

4) Surfactants/detergents. 
Where the ophthalmic solution is to be used for lens 

cleaning, the solution pre ferably contains one or more 
surfactants. Suitable surfactants can include cationic, 
anionic, non-ionic or amphoteric surfactants, so long as the 
surfactant passes the critical micelle test see Example 
section). Preferred surfactants are neutral or nonionic sur 
factants. 

Nonionic surfactants in accordance With the present 
invention include non-ionic block copolymers, preferably 
members of the group knoWn as poly(oxyethylene)-poly 
(oxypropylene) block copolymers (also knoWn as 
poloxamers) available under tradenames such as PLU 
RONIC and EMKALYX. Such copolymers are knoWn com 
mercially and are produced in a Wide range of structures and 
molecular Weights With varying contents of ethylene oxide. 
These non-ionic surfactants are non-toxic, stable and readily 
dispersible in aqueous systems and are compatible With a 
Wide variety of formulations and other ingredients for oph 
thalmic preparations. Further, poloxamers are Well suited to 
ophthalmic applications as they generally afford minimal or 
no eye irritation. One class of poloxamer Well suited for use 
in the ophthalmic solutions of this invention is a speci?c 
class of polyethyleneoxy-polypropyleneoxy block copoly 
mer adducts of ethylene diamine (also knoWn as 
poloxamine), Which agents are both effective at cleaning and 
exhibit minimal or no eye irritation (see, eg US. Pat. No. 

4,820,352). 
Examples of suitable surfactants include, but are not 

limited to, polyethylene glycol esters of fatty acids, poly 
oxypropylene ethers of C12—C18 alkanes and 
polyoxyethylene, polyoxypropylene block copolymers of 
ethylene diamine (i.e., poloxamine). Particularly preferred 
surfactants include poloxamer 182LF, poloxamer 188, 
poloxamer 331, poloxamer 407NF, sodium lauryl sulfate, 
pluronic F-127, Povidone (Sigma), PVP k-30, hydroxyethyl 
cellulose, NE and Tyloxapol (Sigma). 
The surfactant, When present, is preferably in a concen 

tration that ranges from about 0.01 to about 3 Wt %, more 
preferably from about 0.1 to about 1.5 Wt %, and most 
preferably from about 0.25 to about 0.5 Wt %. Where used, 
the surfactant can include a single surfactant or a combina 
tion or surfactants. 

5) Chelating agent. 
In certain embodiments, the activity of the indolicidin 

and/or the shelf-life of the ophthalmic solution can be 
enhanced by the inclusion of one or more cation chelating 
agent, more preferably a chelator of divalent cations. Chelat 
ing agents are Well knoWn to those of skill in the art. 
Preferred chelating agents include, but are not limited to, 
ethylenediaminetetraacetic acid (EDTA) and its salts (e.g., 
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disodium), ethylenebis(oxyethylenenitrilo)tetraacetic acid 
(EGTA), and 2,2‘-(ethylenediimino)-dibutyric acid EDBA 
Which are normally employed in amounts from about 0.01 to 
about 0.2 Wt %, more preferably from about 0.1—0.2 Wt %, 
and most preferably about 0.025 to about 2.0% Wt %. Other 
known chelating (or sequestering agents) such as certain 
polyvinyl alcohols can also be employed. 

6) Divalent cations. 
In certain preferred embodiments, the ophthalmic solu 

tions of this invention can optionally include one or more 
species of divalent cation. Without being bound to a par 
ticular theory, it is believed that the presence of divalent 
cations can inhibit groWth of certain gram negative bacteria. 
Preferred divalent cations include, but are not limited to 
Mg2+, Ca2+, Zn+2, Fe”, and Ba2+, With Mg2+ being most 
preferred. 

The divalent cation, When present, is at a concentration 
ranging from about 20 mM to about 50 mM. 

7) Bacteriostatic adjuvant 
Normally, a preservative (bacteriostatic adjuvant), other 

than the indolicidin, is not added to the compositions of the 
present invention. Thus, rinsing of the lens after contact With 
the composition is not required. A preservative may be 
added for the purpose of reducing the necessary concentra 
tion of indolicidins, particularly Where the solution is not 
expected to come into direct contact With the eye. It is noted 
hoWever, that many such preservatives are eye irritants 
and/or toxic. If preservatives are employed, the contact lens 
is preferably rinsed prior to insertion into the eye. 

Thus, in a further embodiment, one or more additional 
antimicrobial agents and/or other cleaning/disinfecting 
agents can be used in combination With the indolicidins, so 
long as they do not adversely effect the indolicidin’s anti 
microbial activity and, if toxic, do not come into contact 
With the mouth and/or skin and/or eye. Suitable preserva 
tives include, but are not limited to chlorhexidine, 
thimerosal, PHMB (polyhexamethylene biguanide), boric 
acid, borate salts, potassium sorbate and sodium sorbate, 
benZalkonium chloride and other quaternary ammonium 
salt, guanidine salt such as chlorhexidine and polyhexam 
ethylene biguanide, or formaldehyde donor, benZalkonium 
chloride, benZethonium chloride, benZoic acid, benZyl 
alcohol, butylparaben, cetylpyridinium chloride, 
chlorobutanol, chlorocresol, cresol, dehydroacetic acid, 
ethylparaben, methylparaben, methylparaben sodium, 
phenol, phenylethyl alcohol, phenylmercuric acetate, phe 
nylmercuric nitrate, polyquad, potassium benZoate, 
propylparaben, propylparaben sodium, sodium benZoate, 
sodium dehydroacetate, sodium propionate, sorbic acid, 
sodium perborate, thymol, and antimicrobial polypeptides 
(e.g., a crecropin, a defensin, and a magainin), and mixtures 
thereof. Typically use of the halide salt antimicrobial agents 
Will be limited to incorporation in Good’s buffers. The 
preservatives, When present, are in a concentration ranging 
from about 0.01 Wt % to 2.5 Wt %, more preferably from 
about 0.1 Wt % to about 1.0 Wt %, and most preferably from 
about 0.2 Wt % to about 0.5 Wt %. 

8) Demulcent 
The ophthalmic solutions can optionally include a demul 

cent. Demulcents are substances that soothe irritated tissue, 
particularly mucous membranes. Demulcents (or 
humectants) are used for lubricating mucous membrane 
surfaces and for relieving dryness and irritation. The term 
“demulcent”, as used herein is intended to mean an agent, 
usually a Water-soluble polymer, Which is applied topically 
to the eye to protect and lubricate mucous membrane 
surfaces and relieve dryness and irritation. Within this 
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meaning, the term “Wetting agent” is also commonly used. 
Furthermore, it Will be understood that some constituents 
possess several functional attributes. For example, cellulose 
derivatives are common demulcents, but are also used as 
“viscosity increasing agents”. Similarly, glycerin is a knoWn 
demulcent but is also used as a “tonicity adjusting agent”. 
Examples of the most Widely used demulcents include: 
polyvinyl alcohol, polyvinyl pyrrolidone, cellulose deriva 
tives and polyethylene glycol. 

“Over-the-counter” use of demulcents Within ophthalmic 
compositions is regulated by the US Food & Drug Admin 
istration. For example, the Federal Register (21 CFR Part 
349) entitled Ophthalmic Drug Products for Over-the 
Counter Use: Final Monograph list the accepted demulcents 
along With appropriate concentration ranges for each. 
Speci?cally, §349.12 list the folloWing approved “mono 
graph” demulcents: (a) cellulose derivatives: (1) carboxym 
ethylcellulose sodium, (2) hydroxyethyl cellulose, (3) 
hydroxypropyl methylcellulose, methylcellulose, (b) dext 
ran 70, (c) gelatin, (d) polyols, liquid: (1) glycerin, (2) 
polyethylene glycol 300, (3) polyethylene glycol 400, (4) 
polysorbate 80, (5) propylene glycol (e) polyvinyl alcohol, 
and povidone (polyvinyl pyrrolidone). §349.30 further 
provides that in order to fall Within the monograph, no more 
than three of the above-identi?ed demulcents may be com 
bined. 

Speci?c examples of knoWn ophthalmic compositions 
comprising various demulcents are knoW to those of skill in 
the art. For example, US. Pat. No: 5,591,426 discloses an 
ophthalmic solution useful as an arti?cial tear. The reference 
includes a speci?c example of a borate buffered, preserved 
(e.g., benZalkonium chloride), aqueous solution including 
the folloWing three demulcents: 1) glycerin, 2) polyvinyl 
pyrrolidone, and 3) a cellulose derivative, e.g., hydroxypro 
pyl methyl cellulose. US. Pat. No. 5,106,615 discloses 
isotonic humectant eyedrops including glycerin, polyethyl 
ene glycol, or propylene glycol With an anionic polymer 
such as Carbomer 941. Other references disclose the use of 
various combinations of demulcents including, but not lim 
ited to propylene glycol, polysorbate 80, polyvinyl 
pyrrolidone, polyethylene oxide, polystyrene sulfonate, and 
polyacrylamide, hydroxy ethyl cellulose, polyethylene gly 
col 6000, and dextrose (see, e.g., US. Pat. Nos: 4,029,817, 
3,767,788; 3,767,789; 3,856,919; 3,907,985; 3,920,810; 
3,947,573; 3,987,163, 3,549,747, 4,131,651, 4,120,949, and 
4,409,205 

9) Viscosity adjusting agent. 
In another embodiment, the ophthalmic solutions of this 

invention can optionally include viscosity adjusting agents 
(e.g., particularly When the ophthalmic solution is intended 
to act as a lubricant (i.e., arti?cial tear)). Suitable viscosity 
adjusting agents for administration to an eye are Well knoWn 
to those of skill in the art. In particular, Cellulose derivatives 
are commonly used to increase viscosity, and as such, offer 
other advantages. Speci?c cellulose derivatives include, but 
are not limited to hydroxypropyl methyl cellulose, car 
boxymethyl cellulose, methyl cellulose, hydroxyethyl 
cellulose, etc. 

Typically, particularly When used as an arti?cial tear, the 
ophthalmic solution has a viscosity from about 1 to about 50 
cps. As a solution, the subject composition is usually dis 
pensed in the eye in the form of an eye drop. It should be 
understood, hoWever, that the subject composition may also 
be formulated as a viscous liquid (i.e. viscosities from 50 to 
several thousand cps), gel, or ointment. Furthermore, in 
some contact lens related embodiments, lenses may be 
soaked or otherWise exposed to the subject composition 
prior to Wear. 
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10) Other components. 
The present contact lens cleaning solution may further 

contain, as needed, various other knoWn components Which 
are generally used for cleaning and maintenance of contact 
lenses as long as the components are compatible With the 
antimicrobial activity of the indolicidin(s) present in the 
solution. Thus, for example, Where the solution is intended 
for lens cleaning purposes, it can additionally include vari 
ous tertiary amine oxide or oxides. The solution can addi 
tional include effervescing agents (e.g., sodium bicarbonate) 
microabrasives (e.g., polymer microbeads), and various 
medicinal agents (e.g., antibiotics as might be used in the 
treatment of eye infections). 
III. Preparation of Indolicidin Formulations 
A) Indolicidin Synthesis 

Indolicidins are commercially available (see, e.g., Penin 
sula Laboratories, Belmont, Calif.). Alternatively the indoli 
cidins can be synthesiZed either by chemical synthesis 
methods (i.e. peptide synthesis) or by biological synthesis 
(e.g., recombinant expression systems). 

1) Chemical synthesis. 
Indolicidins can be chemically synthesiZed in solution or 

on a solid support using Well knoWn methods of peptide 
synthesis. Solid phase synthesis in Which the C-terminal 
amino acid of the sequence is attached to an insoluble 
support folloWed by sequential addition of the remaining 
amino acids in the sequence is a preferred method for the 
chemical synthesis of the indolicidin polypeptides of this 
invention. Techniques for solid phase synthesis are 
described by Barany and Merri?eld, Solid-Phase Peptide 
Synthesis; pp. 3—284 in The Peptides." Analysis, Synthesis, 
Biology. Vol. 2: Special Methods in Peptide Synthesis, Part 
A., Merri?eld et al. (1963) J. Am. Chem. Soc., 85: 
2149—2156, and SteWart et al. (1984) Solid Phase Peptide 
Synthesis, 2nd ed. Pierce Chem. Co., Rockford, Ill. 

Typically indolicidin analogs are synthesiZed using an 
automated peptide synthesiZer such as a Milligen 9050 
(Milford, Mass.), although manual methods of composition 
peptide synthesis also can be used. When automated meth 
ods of peptide synthesis Were used, indolicidin analogs are 
preferably synthesiZed on a polyethylene glycolpolystyrene 
(PEG-PS) graft resin and using Na-Fmoc amino acid deriva 
tives as described in US. Pat. No. 5,547,939. In addition, a 
suitable linker such as a peptide amide linker (PAL; 5-(4 
Fmoc-aminomethyl-3,5-dimethoxyphenoxy)valeric acid; 
Fmoc is 9-?uorenylmethyloxy-carbonyl; Milligen) can be 
used to create carboxamide end groups. Other resins, amino 
acid derivatives and methods of modifying amino acid 
reactive groups can be used to obtain the desired indolicidin 
analog. 
A neWly synthesiZed peptide can be manipulated While 

still attached to a resin or can be removed from the resin and 
then modi?ed. Methods for modifying the N-terminus or 
C-terminus of a peptide are Well knoWn in the art and 
include, for example, amidation of the C-terminus and, if 
desired, acetylation of the N-terminus (see, for example, 
Protein Engineering. A practical approach (IRL Press 
1992); and BodansZky, Principles of Peptide Synthesis 
(Springer-Verlag 1984)). Similarly, methods for modifying 
the reactive side chain of an amino acid are Well knoWn in 
the art of peptide synthesis. 

2) Biological synthesis. 
In a preferred embodiment, the indolicidin polypeptides, 

or subsequences thereof, are synthesiZed using recombinant 
DNA methodology. Generally this involves creating a DNA 
sequence that encodes the indolicidin, placing the DNA in an 
expression cassette under the control of a particular 
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promoter, expressing the protein in a host, isolating the 
expressed protein and, if required, renaturing the protein. 
DNA encoding the indolicidin proteins or subsequences 

of this invention can be prepared by any suitable method as 
described above, including, for example, cloning and restric 
tion of appropriate sequences or direct chemical synthesis by 
methods such as the phosphotriester method of Narang et al. 
(1979) Meth. Enzymol. 68: 90—99; the phosphodiester 
method of BroWn et al.(l 979) Meth. Enzymol. 68: 109—151; 
the diethylphosphoramidite method of Beaucage et al. 
(1981) Tetra. Lett., 22: 1859—1862; and the solid support 
method of US. Pat. No. 4,458,066. 

Chemical synthesis produces a single stranded oligo 
nucleotide. This may be converted into double stranded 
DNA by hybridiZation With a complementary sequence, or 
by polymeriZation With a DNA polymerase using the single 
strand as a template. One of skill Would recogniZe that While 
chemical synthesis of DNA is limited to sequences of about 
100 bases, longer sequences may be obtained by the ligation 
of shorter sequences. 

Alternatively, subsequences may be cloned and the appro 
priate subsequences cleaved using appropriate restriction 
enZymes. The fragments may then be ligated to produce the 
desired DNA sequence. 

In one embodiment, indolicidin proteins of this invention 
can be cloned using DNA ampli?cation methods such as 
polymerase chain reaction (PCR). Thus, for example, the 
nucleic acid sequence or subsequence is PCR ampli?ed, 
using a sense primer containing one restriction site (e.g., 
Ndel) and an antisense primer containing another restriction 
site (e.g., HindIII). This Will produce a nucleic acid encoding 
the desired indolicidin sequence or subsequence and having 
terminal restriction sites. This nucleic acid can then be easily 
ligated into a vector containing a nucleic acid encoding the 
second molecule and having the appropriate corresponding 
restriction sites. Suitable PCR primers can be determined by 
one of skill in the art using the knoWn sequence information 
for indolicidins. Appropriate restriction sites can also be 
added to the nucleic acid encoding the indolicidin protein or 
protein subsequence by site-directed mutagenesis. The plas 
mid containing the indolicidin sequence or subsequence is 
cleaved With the appropriate restriction endonuclease and 
then ligated into the vector encoding the second molecule 
according to standard methods. 
The nucleic acid sequences encoding indolicidin proteins 

or protein subsequences may be expressed in a variety of 
host cells, including E. coli, other bacterial hosts, yeast, and 
various higher eukaryotic cells such as the COS, CH0 and 
HeLa cells lines and myeloma cell lines. As the indolicidin 
proteins are typically found in prokaryotes, a prokaryote 
host is preferred. The recombinant protein gene Will be 
operably linked to appropriate expression control sequences 
for each host. For E. coli this includes a promoter such as the 
T7, trp, or lambda promoters, a ribosome binding site and 
preferably a transcription termination signal. For eukaryotic 
cells, the control sequences Will include a promoter and 
preferably an enhancer derived from immunoglobulin genes, 
SV40, cytomegalovirus, etc., and a polyadenylation 
sequence, and may include splice donor and acceptor 
sequences. 
The plasmids of the invention can be transferred into the 

chosen host cell by Well-knoWn methods such as calcium 
chloride transformation for E. coli and calcium phosphate 
treatment or electroporation for mammalian cells. Cells 
transformed by the plasmids can be selected by resistance to 
antibiotics conferred by genes contained on the plasmids, 
such as the amp, gpt, neo and hyg genes. 
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Once expressed, the recombinant indolicidin proteins can 
be puri?ed according to standard procedures of the art, 
including ammonium sulfate precipitation, af?nity columns, 
column chromatography, gel electrophoresis and the like 
(see, generally, R. Scopes, (1982) Protein Puri?cation, 
Springer-Verlag, N.Y.; Deutscher (1990) Methods in Enzy 
mology Vol. 182: Guide to Protein Puri?cation, Academic 
Press, Inc. Substantially pure compositions of at least 
about 90 to 95% homogeneity are preferred, and 98 to 99% 
or more homogeneity are most preferred. Once puri?ed, 
partially or to homogeneity as desired, the polypeptides may 
then be used (e.g., as immunogens for antibody production). 

One of skill in the art Would recogniZe that after chemical 
synthesis, biological expression, or puri?cation, the indoli 
cidin protein(s) may possess a conformation substantially 
different than the native conformations of the constituent 
polypeptides. In this case, it may be necessary to denature 
and reduce the polypeptide and then to cause the polypeptide 
to re-fold into the preferred conformation. Methods of 
reducing and denaturing proteins and inducing re-folding are 
Well knoWn to those of skill in the art (see, Debinski et al. 
(1993) J. Biol. Chem., 268: 14065—14070; Kreitman and 
Pastan (1993) Bioconjug. Chem., 4: 581—585; and Buchner, 
et al., (1992) Anal. Biochem., 205: 263—270). Debinski et al., 
for example, describes the denaturation and reduction of 
inclusion body proteins in guanidine-DTE. The protein is 
then refolded in a redox buffer containing oxidiZed glu 
tathione and L-arginine. 

One of skill Would recogniZe that modi?cations can be 
made to the indolicidin proteins Without diminishing their 
biological activity. Some modi?cations may be made to 
facilitate the cloning, expression, or incorporation of the 
targeting molecule into a fusion protein. Such modi?cations 
are Well knoWn to those of skill in the art and include, for 
example, a methionine added at the amino terminus to 
provide an initiation site, or additional amino acids (e.g., 
poly His) placed on either terminus to create conveniently 
located restriction sites or termination codons or puri?cation 
sequences. 
B) Compounding of Formulations 

In a preferred embodiment, the ophthalmic compositions 
of this invention are formulated and stored as aqueous 
solutions. While the components described above are 
selected so as to be readily soluble or miscible in an aqueous 
solution, it Was a discovery of this invention that the 
indolicidin’(s) activity decreases if they are added directly to 
a buffer solution (e.g., potassium phosphate buffer). 

Thus, in a preferred embodiment, the indolicidin is solu 
biliZed in Water prior to preparing a stock solution that is 
then added to the buffer. Thus, for example, as illustrated in 
the Examples, herein, a 5,000 pig/ml stock indolicidin (e.g., 
L-IND) solution Was prepared in Water by Weighing out 5 
mg and dissolving it in 1 ml Water. The tube Was inverted to 
dissolve the polypeptide. The stock Was diluted 2-fold in 
Water to prepare 10>< concentrated stock solutions: 2500, 
1250, 625, 312, 160, 80, 40, 20, and 10 pig/ml or the stock 
Was diluted 1:10 in Water or sodium phosphate buffer 
folloWed by the 2-fold dilution series resulting in a 1x or 
Working concentration series of L-IND. 
C) OptimiZation of Formulations 
As indicated above, the ophthalmic solution can be pre 

pared by suspending or dissolving the indolicidins (after 
solubiliZation) into the buffer. The amount of antimicrobial 
peptide used in the ophthalmic composition of the present 
invention is dependent on the intended use of the solution. 
The concentration of indolicidin Will be loWest in compo 
sitions intended for use as eye drops, higher for composi 
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tions intended for cleaning solutions, higher yet for compo 
sitions intended as disinfecting or storage solutions, and 
highest for compositions intended for steriliZation. 

In general, a minimum effective amount of indolicidin is 
that Which Will at least partially reduce the microorganism 
population on the lens (either corneal or contact lens) being 
treated. Preferably, an effective amount is that Which Will 
reduce the microbial burden by at least three log orders for 
bacteria and at by least one log order for yeasts and molds 
in a time span of from about four to about tWenty four hours, 
more preferably tWo to four hours for bacteria and tWelve to 
eighteen hours for yeast. 

For compositions intended for disinfecting, storage or 
cleaning, a typical amount of indolicidin is greater than 
about 12.5 ug/mL of solution, preferably greater than about 
25 ug/mL, more preferably greater than about 50 ug/mL. 
The indolicidin is typically present in concentrations from 
about 1 to 100, preferably 1 to 50, more preferably 4 to 25 
ppm. Typically, the ophthalmic composition contains about 
0.0001% to 0.01% Weight to total volume of composition, of 
indolicidin. 

While preferred ranges are provided, in particularly pre 
ferred embodiments, the concentrations of various 
components, in particular the indolicidin concentration and 
the surfactant concentration (When surfactant is present) are 
optimiZed for a particular indolicidin/buffer combination. 

Optimal indolicidin concentration can be ascertained by 
determining MIC values and ensuring that there is suf?cient 
indolicidin to achieve a preferred microbicidal activity as 
indicated above. Methods of performing such assays are 
illustrated in the Examples, particularly in Example 10. 

OptimiZation of the other components can also be accom 
plished for a particular indolicidin and buffer system. Thus, 
for example, in a preferred embodiment containing a 
surfactant, the surfactant concentration is in excess of the 
“critical micelle concentration; the concentration that must 
be reached in order that micelles are formed is called the 
critical micelle concentration. Methods of determining criti 
cal micelle concentration are described in Example 1. 

Additional components may be added to or incorporated 
in the composition, provided the additives do not substan 
tially decrease the antimicrobial activity of the indolicidins 
in the composition as described above. Typical components 
and preferred ranges are provided above. 

In one particularly preferred embodiment the solution is 
compounded to provide broad spectrum antimicrobial activ 
ity. Solutions formulated in accordance With this embodi 
ment comprise an indolicidin, a phosphate buffer, and a 
surfactant (e.g. Pluronic). 

In other preferred embodiments, the solution is formu 
lated to provide narroW-spectrum antimicrobial activity 
against particular pathogens. These embodiments, typically 
utiliZe a Goods buffer (rather than a phosphate buffer.) 
Preferred formulations include Tris buffer present in a 
concentration of from 1—10 mM. 
The compositions of the invention are stable for long 

periods of time. Preferred compositions retain 100% anti 
microbial activity for at least 6 months at temperatures 
ranging from 40° F. to 80° F. 
D) Alternative Formulations 

While the ophthalmic solutions of this invention are 
preferably formulated as “ready for use” aqueous solutions, 
alternative formulations are contemplated Within the scope 
of this invention. Thus, for example, the indolicidin(s), 
surfactants, salts, chelating agents, or other components of 
the ophthalmic solution, or mixtures thereof, can be lyo 
philiZed or otherWise provided as a dried poWder or tablet 



US 6,482,799 B1 
23 

ready for dissolution (e.g., in deionized, or distilled) Water. 
Because of the self-preserving nature of the solution, sterile 
Water is not required. 

In a preferred embodiment, formulation of the composi 
tions of this invention in dry poWer or tablet formats 
involves protection of the protein(s) present. Effective for 
mulations of the compositions of this invention typically 
involve processing and formulating the protein, and other 
agents if present, so that the protein’s conformation and 
biological activity are maintained throughout processing and 
during prolonged release from the dry form. 

Sustained protein “packaging” systems can be achieved 
With a variety of microsphere delivery systems often used 
for in vivo delivery of protein therapeutics. In one preferred 
embodiment, the ProLease biodegradable microsphere 
delivery system for proteins and peptides (Tracy (1998) 
Biotechnol. Prog. 14: 108; Johnson et al. (1996), Nature 
Med. 2: 795; Herbert et al. (1998), Pharmaceut. Res. 15, 
357) a dry poWder composed of biodegradable polymeric 
microspheres containing the protein in a polymer matrix that 
can be compounded as a dry formulation With or Without 
other agents. 

The ProLease microsphere fabrication process Was spe 
ci?cally designed to achieve a high protein encapsulation 
ef?ciency While maintaining protein integrity (GombotZ, et 
al. (1991) US. Pat. No. 5,019,400). The process consists of 
(i) preparation of freeZe-dried protein particles from bulk 
protein by spray freeZe-drying the drug solution With stabi 
liZing excipients, (ii) preparation of a drug-polymer suspen 
sion folloWed by sonication or homogeniZation to reduce the 
drug particle siZe, (iii) production of froZen drug-polymer 
microspheres by atomiZation into liquid nitrogen, (iv) 
extraction of the polymer solvent With ethanol, and (v) 
?ltration and vacuum drying to produce the ?nal dry-poWder 
product. The resulting poWder contains the solid form of the 
protein, Which is homogeneously and rigidly dispersed 
Within porous polymer particles. The polymer most com 
monly used in the process, poly(lactide-co-glycolide) 
(PLG), is both biocompatible and biodegradable. 

Encapsulation can be achieved at loW temperatures (e.g., 
—40° C.). During encapsulation, the protein is maintained in 
the solid state in the absence of Water, thus minimiZing 
Water-induced conformational mobility of the protein, pre 
venting protein degradation reactions that include Water as a 
reactant, and avoiding organic-aqueous interfaces Where 
proteins may undergo denaturation. Apreferred process uses 
solvents in Which most proteins are insoluble, thus yielding 
high encapsulation ef?ciencies (e.g., greater than 95%). 

In another embodiment, one or more components of the 
solution can be provided as a “concentrate”, e.g., in a storage 
container (e.g., in a premeasured volume) ready for dilution, 
or in a soluble capsule ready for addition to a volume of 
Water. 
IV. Uses of Indolicidin-based Ophthalmic Solutions 

The ophthalmic solutions of this invention may be applied 
to or used in conjunction With any kinds of contact lens 
including, but not limited to hard contact lenses (e.g., mainly 
made of methyl methacrylate), oxygen permeable contact 
lenses, non-Water sWellable, or absorbable soft contact lens, 
etc. Further, the ophthalmic solutions may be used irrespec 
tive of Whether the contact lens is colored or non-colored. 
As indicated above, the solutions of this invention are 

useful for a Wide variety of activities in the packaging, 
processing, shipping, storing, and care of contact lenses. 
Thus, for example, the indolicidin-based solutions can be 
used for disinfection of contact lenses, contact lens contain 
ers such as carrying cases, vials, and shipping containers 
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(e.g., blister packs). These various containers are typically 
composed of polycarbonate, polyethylene, polytetra?uor 
ethylene (PTFE), polyvanillidine?uoride (PVF), and 
polypropylene. 

In addition, the solutions can be used for cleaning, storage 
and rehydration of contact lenses. The solutions can be 
compounded as “arti?cial tears” for direct application to the 
eye to rehydrate, lubricate, and disinfect the lenses in place, 
and the solutions can be used as a “medicament” to reduce 
microbial ?ora on the surface of the eye. In this latter case, 
the solutions can be additionally compounded With one or 
more medicaments used in the treatment of in?ammation, 
infection, or other pathology of the eye as described beloW. 
A) Method of Disinfecting a Contact Lens 

The compositions according to the present invention are 
employed in an effective amount to disinfect the contact lens 
being treated in a selected length of time. The contact lens 
is contacted With the ophthalmic composition containing the 
indolicidin for the desired length of time, rinsed (With either 
the ophthalmic solution or With saline), and inserted into the 
eye of the user. 

The contact lens is typically contacted With (or soaked in) 
the ophthalmic composition for a time suf?cient is to at least 
partially reduce the microorganism population on the lens 
being treated. Preferably, the time is sufficient to reduce the 
microbial burden by at least three log orders for bacteria and 
by at least one log order for yeasts and molds. Typically, the 
lens is soaked in the ophthalmic composition for at least 
about 2 hours, preferably for at least about 4 hours, more 
preferably at least about 6 hours, and most preferably 
overnight. In any event, effective disinfecting times for any 
given composition Within the present invention can be 
readily determined through routine testing (see for example, 
“Guidance for Industry. Premarket Noti?cation (510(k)) 
Guidance Document for Contact Lens Care products,” May 
1, 1997, US. Department of Health and Human Services, 
Food and Drug Administration, Center for Devices and 
Radiological Health). Mild agitation may be required for a 
period of about 10 to 45 seconds for optimal mixing and 
contact. 

Preferably, the contact lens treated according to the inven 
tion can be removed from the solution and used Without the 
need for a separate Washing step. For example, contact 
lenses can be rinsed With the same ophthalmic solution 
containing the indolicidin prior to insertion into the eye. 
Thus, there is no need for a separate rinsing step With, for 
example, a saline solution. HoWever, rinsing may be 
required in the case Where a preservative is included in the 
ophthalmic composition. In Which case, the contact lens is 
preferably Washed With a saline solution. 

B) Contact Lens Packaged Without Autoclaving 
The solutions of this invention are useful for disinfecting 

of essentially any container used to hold one or more contact 
lenses. Thus, in one embodiment, contact lens packaging 
(e.g., storage containers such as vials or lens cases or 
shipping/packaging containers such as vials, capsules, blis 
ter packs, and the like) can be rinsed With the solution prior 
to insertion of the lens. Because of the high microbicidal 
activity of the solutions of this invention, hoWever, the 
packages need not be pre-rinsed. They can simply be ?lled 
With he solution before, during, or after placement of the 
lens in the package. Where the lens is held for long term 
storage (e.g., Whole sale packaging), or storage, the solu 
tions may be formulated With relatively high indolicidin 
concentrations (e.g., 50—100 pig/ml) and may contain addi 
tional non-indolicidin preservatives. 
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C) A Synthetic Tear and Ocular Lubricant 
In still another embodiment, the solutions of this inven 

tion can be administered (e.g., from a drop bottle or eye 
Wash) directly to the contact lens on the surface of the eye. 
In this context, preferred formulations Will act as an arti?cial 
tear that aids to re-Wet the lens and eye, rehydrate the lens, 
afford additional lubrication, and reduce irritation or in?am 
mation of the eye or surrounding tissue. As indicated above, 
solutions for this use may additionally include viscosity 
increasing agents and/or demulcents. 

In a typical application, the ophthalmic solution is pro 
vided in a convenient applicator (e.g., an eye drop bottle) for 
administration directly to the eye. The user then typically 
applies one or tWo drops to each eye (folloWed by blinking 
to disperse the solution) as needed. 
V. Kits 

In still another embodiment, this invention provides kits 
for the packaging and/or storage and/or care and/or use of 
contact lenses Where the kits utiliZe one or more of the 
ophthalmic solutions described herein. Thus, for example, 
preferred kits comprise one or more containers containing 
one or more ophthalmic solutions, tablets, or capsules of this 
invention. The kits can be designed to facilitate one or more 
aspects of contact lens production, shipping, use, and stor 
age. Thus, for example, the kit can comprise a contact lens 
shipping package (e.g., vial or blister pack), a storage case, 
a cleaning vial or case, and the like. 

The kits may optionally include instructional materials 
containing directions (ie., protocols) disclosing means of use 
of the indolicidin-based ophthalmic solutions provided 
therein. While the instructional materials typically comprise 
Written or printed materials they are not limited to such. Any 
medium capable of storing such instructions and communi 
cating them to an end user is contemplated by this invention. 
Such media include, but are not limited to electronic storage 
media (e.g., magnetic discs, tapes, cartridges, chips), optical 
media (eg CD ROM), and the like. Such media may include 
addresses to internet sites that provide such instructional 
materials. 

The folloWing examples are presented for illustrative 
purposes and are not intended to limit the scope of this 
invention 

EXAMPLES 

The folloWing examples are offered to illustrate, but not 
to limit the claimed invention. 

Example 1 

Protocols and Assays Used for the Evaluation of 
Indolicidin-Based Ophthalmic Solutions 

A) Protocol # 1: Comparative Ef?cacy of L-indolicidin and 
Three Commercial Lens-care Solutions 

This protocol is used to develop dose-response (kill) 
curves to calculate the minimal inhibitory concentration of 
an indolicidin (e.g., L-indolicidin (L-IND)) When formu 
lated in a commercially available phosphate buffered saline 
(PBS) solution. In addition, for comparative purposes, kill 
curves are established for the folloWing three commonly 
available commercial lens-care products containing different 
preservatives: 

1) SoftWear (Ciba Vision)—Sterile, isotonic, saline solu 
tion containing sodium chloride and an antimicrobial 
buffer system (ABS) consisting of boric acid, sodium 
borate, and sodium per borate (generating up to 0.006% 
hydrogen peroxide stabiliZed With phosphonic acid); 
Lot 61443; expiration date: December 1999. 
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2) Opti-Free (Alcon)—Sterile, buffered, isotonic, aqueous 

solution With sodium citrate and sodium chloride With 
edetate disodium (0.05%) and polyquaternium-1 
(0.001%) as preservatives; Lot AAY9; expiration date: 
September 1998. 

3) AOSept (American Optical)—Sterile ophthalmic solu 
tion containing micro?ltered hydrogen peroxide (3%), 
sodium chloride (0.85%) stabiliZed With phosphonic 
acid, and buffered With phosphates; Lot 62453; expi 
ration date: January 1999. 

These three products serve as control samples. In addition a 
commercial saline solution Without preservatives for soft 
contact lenses is also tested. The brand that used is: 

4) Longs Non-Preserved Saline Solution (Longs)— 
Sterile, aqueous, isotonic solution of sodium chloride 
buffered With boric acid and sodium borate (respective 
concentrations not speci?ed); Lot 5V006; expiration 
date: August 1997. 

Since boric acid and sodium borate are knoWn to possess 
antimicrobial activity, the Longs Non-Preserved Saline 
Solution is tested at just one dose level, namely full strength, 
to determine if the buffering components have antimicrobial 
activity. 

Stock solutions Were prepared as folloWs: For L-IND, a 
stock solution of 10 mg/ml Was prepared and shipped to the 
inventors on dry ice. The stock solution Was kept froZen at 
—4° C. The “SoftWear”, “Opti-Free”, and “AOSept” stock 
solutions consisted of the undiluted solution (full strength). 
The “Longs Non-Preserved Saline Solution” Was tested at 
full strength only. 
An initial dose range experiment is performed to deter 

mine a suitable dose range for the ?nal experiment. The 
indolicidin (e.g., L-IND) is tested in the preliminary toxicity 
experiment at 13 different dose levels in a range betWeen 
500 pig/ml and 0.125 pig/ml. The 3 control samples With 
preservatives are tested at 13 different dose levels With the 
highest dose level representing the undiluted solution. A 
total of 12 serial 2-fold dilutions are made from the undi 
luted control solutions. The Longs Non-Preserved Saline 
Solution is tested at full strength only. 
Asubsequent experiment is performed With at least 8 dose 

levels Which are selected from the initial range ?nding 
experiment such that a kill curve can be established With at 
least tWo non-toxic dose levels representing the tWo highest 
non-toxic dose levels. 
The stock solutions are diluted in a 2-fold fashion by 

transferring 1 ml of each stock solution to 1 ml of appro 
priate diluent in sterile glass tubes (100><13 TWelve 
additional 2-fold dilutions are made by transferring 1 ml 
aliquots of each dilution to 1 ml diluent. The diluent for all 
commercial lens-care products is PBS. 
Pseudomonas aeruginosa (ATCC 27853) obtained 

directly from the American Type Culture Collection is used 
as a test organism. The bacterium is groWn overnight at 37° 
C. in DIFCO nutrient broth. The overnight culture is Washed 
tWo times in sterile PBS by centrifugation at 7,000 RPM. 
The cells are resuspended in sterile PBS and diluted to give 
an estimated 5><105 colony-forming-units (CFU) per 10 pl. 
To each of the dilution tubes containing 1 ml of PBS With 

the test chemical is added 10 pl of the diluted cell suspension 
to give in the 1 ml ?nal volume the equivalent of a cell 
density of 5><105 CFU. Negative vehicle control consists of 
the diluent With bacteria only. The tubes are then be incu 
bated at 37° C. for 1 hour after Which time they are placed 
on ice. 

Viable counts of the bacteria are performed by 10-fold 
serial dilutions in sterile PBS and by plating 0.1 ml aliquots 




































